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Filters can be positioned at any suitable location in the
continuous catalyst activator to capture particles as necessary.
Such particles can then be discarded or returned to the pro-
cess. The filters can be positioned inside or outside the vessel
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The continuous catalyst activator system can also include a
polymerization reactor that produces a polymer using the
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movenent of t BEpEALA REte d&ﬁrl At see&eeé’tﬂleesﬁ%eeeop thbl OW or maze
si mul at es essewticahl yr ﬂw@eu;avuof Ebhreeﬁahalleysﬁl 3ACadficoughe he vessel 10

and prevents shertbuwpredatd ﬁg ceirn aésmn heﬁhttheafcsemal me@rt hr ough t he

v (D3

vessel 10 bel brdeg ﬁeﬂba% et t g, e e AVt age
resi dence timéoo AL RAl “L‘éﬁeQ d%e@qf‘z‘bﬂea' Sofshinefyqat least a

portion of theegaalahsatemutmaﬁeaheo D, @esli amheuwapment ain the
plurality of §6r<&w1 oapudiespphsiahigy hﬁesdsewat:abeasperam heapis dfatt he

screwcap dis ﬁ%%%l@fﬂﬁ?lfbﬁ ngt@*#lé?dblz@ ‘aEﬂ?LfB‘Ze’F o each zone
of the fluid C\{ i ’Lﬁ?zano‘g i oS Lth each zone
for renoving azj,g}q,egaﬁ:lgﬁg dgg&kggn ah@r renoval of

t he catal yst fzroamst fIQle\/ﬁﬂ&ﬂbOlﬁan A@duﬁecmlfak 1ﬁﬁﬂ5ﬁﬁi’dﬁﬁg3hefczttb£y£0ntl nuous
catal yst acti \mtﬂom@ﬂeawebfeel §ew@1asa§0det§x9rg@eéﬁshebetqrplate WPt hi n each

zone 15, 20, sgnie fi%ﬁt‘é“fﬁn# e et
mai nt ai ned. aALVSE, % LRSS NHPUah, dy vessel'®10 is
subjected to stamémaﬂeapf@géeaae\tabﬁlhgg\ban 1@mp7eaahueeﬂz@ﬂe§se115 20, 35.

Thi s tenper at teirppothd plurepitaceSzohes NGn@ A.ehpetbrurens dipidinges 6 used in
t he conventi oﬁaal'llﬁ’oa‘t‘i;hlacﬁ’tliﬂ?ﬁ&f‘t}FlaIWnPéﬁl &aR Qﬁa‘b‘éltaan%‘i”a? opadfi€e t he

process 1 e AHHEITIITIG: (IR RANAIRG. Wi T STBA TG oatar vt

. At least one of the zone dividing walls 16, 17 contains a



Ot her process paraneters, such as residence tinme can be controlled. For
exanpl e, the residence tine for the catalyst 160 to progress through the
entire fluid bed vessel 10 can be controlled by adjusting the catal yst 160

feed rate. In an aspect, each zone 3s continuousl y in operation with
respect tO.th% fLoy Ofm%at o DOUAN, L8 LIS AR o0l the Zone.
The zone di vi (ol HALhS Lam LRANENELUSEHe LoneuRS ANt 1@l noseparate a

particul ar zosaffieOBcan7adjiac @AthZPARle definind a&pacts-Ebe @ant i nuous
cat al yst acti vatorl 10 Eannh ichenpceaphnisestapbunahbit pfefaggassddines 80, 85, 90,
95 that suppl iﬁet‘hfee a@cmtgttmaasr ?gbpluaf/é BB tthqrhetlf"leb}’ dirgitng gas 162.

| f screwcap dbPspé sradaebad s af W&%aflﬁ ﬁf?’[ 7P “bf gas l i nes
can supply th % ﬁ%‘a?ec e’déﬁt 3% 1 l%quh *’géﬁg ng heads.
ry&ssg bdihPyaikravel i ng

fA
T e T O et abBael Cas
t hrough t he gasagisd Hhutde @&@@1@6 'I'lIEhEesﬂklﬁflalalthﬁeCﬁetg@ée unes 80, 85,
90, 95 are capabke 1H. penast tangasel betsbone gimboflimedrzi thg gad- 162 for each
zone 15, 20, Q%IlCEaewezéﬁeref@%Zﬁongslleahlf@e@halfiﬁ redbwi s¢rthé sane or a
di fferent flufBPgi & ?% Zﬁli‘iSTQ%O’é‘bl 1Tty e sdbec e%lleP%?er“‘? enper at ur es
and different {YRES HF B WL A2 an%s&%\gi‘%qog ENE U0, 35 enabl es
operators to g{;]ﬁh?\{ﬁgﬁ@{.ltgil% ations that can a fec? e propert| es of
the activated cahabysSt emdb hksb&ﬂeh&%s&leﬂ.l() coﬂlﬂ&1ﬁ©lﬁﬁrcﬁ£:ﬁ6ﬁé§ of this
i nvention thelSomo. Rfouthe fliak poincatficat opnbicamecorpr ilsenfliliers to
capture entra ﬁwseﬁltem@w%bsa‘fvﬁpél legnaﬁdstﬁéteaf ar pHemadvelye f1 ui di zed
bed This is p%F’f‘i"E’ﬁFa I Eﬁ‘g%h ?h HECaYh Eﬁi 58n‘?%3f‘£&m?t particles

(fines) or whef YHE f T éfgtﬁ‘ gghnlﬂwe LGS Y, De of any

type suitabl esk orcaﬁlhlo%rﬁaﬁp JdH S5 T REHUEBS stdfls; | S1Bphadiv 8kt €d to, bag
filters nade skcrweuan hihbers sﬁéé&sﬁl’c& @Ifteﬁiaﬁmgdba’aizaén oanaeram c filters.
Oten these fptagss conprise "bl ow back” capabilities in which the gas flow
is tenporarily Eardysege ranliassirinedifiesantmnurdercat dirgst Witbitthe filter

el enent s. The§t lfﬁgj’f‘&"é CB’«? §t° Cl't‘ﬂettﬁ’ EEE8 Z‘inﬁz%c‘?‘ht ernal .

External varigffs. I ‘?J,“téigejagﬁ‘;aggzn tma b 4 Frohalnt! L8RS, t hat exi st
in separate | geghitRnsvaAnth ahe Fanpealoedr rﬁhmaggreqxt hecNesseh 10. In this
way fines areteapisitceth akGreanrdshieende tidhs clsdetution setis meddt o any part

of the vessel i481 cAldlgsndbiovet yhe hesbel 1€r shartlye perrobet lod ghgtered netal or
ceramc typesn&ﬁd’aéaﬁ he repictanee tine Hshpartrefiacticeneeds ‘fﬁf?dl ately above

t he vessel . % YA OWE}?“ er?@??cﬁ?ﬁfisgn%‘? ]Ef’ﬁ’élafl’irf%g&e’?og}%ugo ¥Irop back

into the flui &ﬁiéﬁ@l L0 TP IS b 2SRECL LR ocat ed
internally w tihha it he cyle§§l , So that fines falling off the filter elenents

drop directly bagich vhaid kenbeihsf 4 gmiwhiighofrh@yercans 4o hilers tean be
ori ented vert raallyt b0 ho fiozotitgiigh calfiestakkdy flbldigpddlcememlare | ocat ed
internally, tHey earnbpethr ﬂé‘ﬁ@%nﬁcﬁqszé‘F’Hﬂhzﬂ ‘Efﬁ@llt’tﬁelﬁ% %fnt he vessel _

W 1. b2}

HOI‘I zont al pl 5?cernate C)ghoséit[ele8-%{D Tef gﬁ}q gpﬁggfﬁo create a 3e§ entlﬁlgr VI CEd
equal |y by theoSRlE offl iLer sdPbS1cahd RRGBTBI Gidkv Mdip8i ze or stop
hori zont al ai E:ohh@ﬂ/thﬁiﬂ&ﬂﬂeﬁeHﬁnﬁ”]dh&ﬂﬂﬂﬁn&aﬂ oF Ehe Zealshe 16@es traveling
bet ween t he céhtagigin thhev lphaséheFoFO‘e@eaﬁplt@i tive C@Gﬁb{bﬁubﬁ% cat al yst
activator 5 célhrqqfé} e #om elntt’é?*e %l %‘QU Oiorilazf‘flﬁmclﬁ gs adapted to

al 2 flow oft ata thr 1€ vessel 1 .
remove from t n@eﬁhoﬁ éi%&ut g cgpltl in the
fluidizing gaShr h Eié L8541 6 BB ﬂﬂmlﬁatﬁqakpéﬁan a@KhEO t he vessel
10 enabl es nopétiofatt hecgagalysidebe® tmebe activat ed and substantial ly
prevents the catAaI pnt @mfﬁ %:fih &9eFh m%lt%l "‘ﬁé’foanor mal | y
detectabl e a
enmbodi nent s, ng fghf‘“ e(]%fﬁ i%g, vérﬁ’r?ﬁ Eaﬂ%cﬂﬁ't ads&bmzeﬂhhe activation
stages to cat udizeng rgaxsnmlz oabadydt z@ﬁétdf(xubeﬂleldamdd rebselNl @ ER:t 0 t he
activati on beékitiad Cs@het m%ﬂ%m Wlﬂltemﬂﬁl gaph far teepoyp®e thel is a

plurality of Fas<7Betiarelff Ves e{t"%‘f‘l debatiovhier E4ROBR! 8 (B nat ed
between filtrafLes ﬁ@%@’bﬁ, K aeCQr: lcaaiﬁ acpLadelean aedegycl e to

mai nt ai N cont LBUEWS fllterl ng perfornance The filters 100, 101 can be
designed to fil Wrthalnyeashzeanenl:suaﬂngsmm mnmezedlrsastqawlaéée oThe size of

the filters lbﬁmgmin glpre AP0 \RABEPRY and
pressure 2t MM 'Q} Agoﬁ@g @z@{gi?‘ijﬁé’;%‘?kga&%;f;@ﬁhelol

si zed and sha g;lat%ge ﬁlte 1|aﬁ lephest h

fluidized bed and not onto the horizontal or slanted walls where it could
stick_ The filtering step can conprise any suitable filtering or separation
procedure This invention is not limted to any particular type or nethod of
filtering, filtration, separation, or catalyst renoval and reinjection into
the process. For exanple, the separation m ght conprise a cyclone, an

operatl on with sone cycl oni c Ibrce or other suitable systens. The

‘A o~ o~ ‘. o~ A



As shown in FIG. 3, nore than one catal yst can be activated at a tinme. For
exanpl e, an enbodi nent conprises a chanber dividing wall Si so that
essentially two isolated chanbers are fornmed within the fluidized bed

vessel 10'. In this enbodinment, two different feed streams 60, 60a enter
the fluidi zed be cat al yst vessel 10t anq: are actlvat ed | Lwo separate
chanbers. Eacli ﬁ%ﬂ@éﬁg %ni‘bhte‘;i%q%‘: Yot O@g‘ﬁ}gClcans s78Ingl e chanber
enmbodi nent s. Qracepg@ ne@ielag ehagber |ncI udes baffles 6 66a and zone

dividing walls t&hetﬁaoc\éléelpamrxeatehammewate&ild)estcel dnbeicag laeti vated at a
time, the 8 exptiailptatafl §91Tmlﬁea1rm r%ldf%’@a’ dair ber Hregatelvatter exiting

the fluidized 1t§é’g % ?SE‘CEE Ca ﬁj i%(y’gﬁjl h9candepl end port
83 can be i nclcua{e.l(flﬂ/vgl eh &55 kidousucat al yst
activator 10' régpeeniabl tﬂhetﬂﬂﬂwdbff:@feﬂﬂfst ﬂabalgyasﬂﬁa hﬂebenbl emdedo¥i t hi n t he
flui di zed bedtlad zZdree.cEhei noeesdivadialsy staldetialdrc4®'be Tyerdetar e vari ous
possi bi | i ti esSPRFARIELasHECr26T 2 ﬁé‘?ﬁ\}%ﬁt 7oRe B exaniiecRtvessel
conmpri sing multiRr e, chanher §,cQuf %&{&&eeatﬁgg{ RS 68t & ¥StBor
si mul t aneous! YonhasasPethiral QWG | B DihLaabplpysise capabl e of
pol ymeri zi ng gaemlqtureatpmgmwe 65mart®tlhreﬂua@ ect omg| K6 Pl Spafr\aH el
activators coGPH BEPrs égﬁﬁ% BREIREY |1; dhsi playrality st 85 acket
%‘%S SUCH A%

711 S SCrew-C
and/ or ot her ’? WIS

.-J

ﬁ?i@éfﬁm L& arfdfwsiipglocoul d suppl y
catal ysts to LHBAHALS o 43l BBEShul flae é51Tes and result
in | ower capi banhralnyesﬁg&mmaaadﬂem us@ eecapable ospanttmmmt ed that the

cont i nuous catsalegfétma‘ef?ﬁa‘tl ﬂlggﬁaérﬁ sl s bP- %@t:ﬁ% catal ysts

for use in vafi e MetneZ a%fhzaﬁbrétgc%ﬁ;&@ffgei@i #scr i pt i ons,
pol ynt, ri za tLaR Oty el bk kS ASidiSEh LAbePUrRASESa0h &%k amat i on. The
-foll owi ng dezo; Bptdaib1ps a‘pledzel’:bratdi’ﬁb &d/e(}frarpbe@&bhﬁiguﬁtﬁai%mt 160 in a

conti nuous capahylscfeﬁehempppr@es at tihayiny g dRiatalyst, ag gesdriitkedet hod,

catal yst 160 ’i5|n chr m support ed nor gani ¢ ide carrier is
transferred tgcgggi @ 7283° 5 &mt]h Egventlon E]le kVE: Eﬁggﬂiig{)ggf(ggssel 10
wher e the cat ahySlind@@drscur Jueamfteynﬂetaieedtbaha Edi Aednbleanpatiat ure wi thin
t he vessel 10is ﬁ}u:tecmlhelscai;@fr s>tfhé16®h¢sataiysheov‘e*saelﬁl@paltlhéeeat al yst 160
is fluidized \ﬁﬁeﬁshow&ﬁ g2 velp it it Bl -yt erspahcbe
ranspor e sEATALES 17 TR Vi SR K £ ebihon cal means
for tr ansport hm&atl r Qéfeﬁili/éhltkﬁg o aatd ﬁ&&éé@m@ﬂ&@&b&dwan

mai nt ai ned at bk Mmaxpaumtienper atbich ithet bespflesenice tofnpairalignst one agent
and for a hol detemed ka’f“?O&fs taCCPIl?eu]a{te‘lie%fstfﬂWeer nbecHi<be air,

: n (1
substanti al | y jé Eg;ﬁtgﬁzea VaI‘l 11 s 1hclude, bu b %l E}E%Sﬁgtgaé Ora m Xt ure of
oxygen and anﬂl{lﬁé thga%x1§cr1r£3@, l@@%udgﬁ &he t%asiayone agent

can be a conpehgiig 6f tHdreeddauidy. Zhﬁgl:ga&ylﬁﬁes bﬂeaapa&pe@tnd the fl uidizing

gas 162 conpr idses Hehdisgtarfeds prowtuwagehto alrw aﬁrfasﬁéb? vesyel flli di zi ng gas

162 can be pr ety oll¢ S lé‘ﬁ‘fsernil ‘f dbe 1F1211rtmentb§eF%P e hold tine,
e Catalyor CTEHLR ORRE A Do TR, DRE L cadtma b et ner
val ence of at ﬂl&&%leﬁl@wbtd% Btackl'ﬁeltﬁ hhemﬂumleﬁ{g dicaie dnhibdibert he cat al yst
160 from Cr (| kkpetioh@fi w)cetrobtpil@rehleel iatyralagnceigonvee tvedsors sact | vat ed

cat al yst. Aftéli‘la feché! "‘%ﬁ §ﬂlt 1e’f‘ﬁeir\‘i’é’l‘é]ﬁ€"éﬂ€6?§é‘r‘ﬂ d catal yst is
Ol
<

cool ed in the fFSSENLE 10 At alﬁ?é" GOt AR BUlhged in the
presence of 2R eahya ﬂe@@e@%on e, axygeaat by cagent 164 can
be air, subst amntialskyl. pHroelmytgemlaaemextthém@ﬁlcavralamdel&nlmrtbet gas, a

m xture of oxygercldrdarcivierd egas!ilyopy e}eﬂﬁ?mﬁ%}ﬁe elfﬁeeeeﬁf ThiIlﬁe
val ence- conveﬁﬁ%ﬁ?ﬁsfﬂg?ﬁn}lﬁﬁnoﬂl §{:‘Ff%r ? vt €2converted

ween Cco 1n1n1rnlze rave

catal yst 165 gaiwiendneGhargafildiko, 3naLor AR XEsss coﬁsmeﬁown in FIG
2, where it i susiathBisnadtivAt@s EaRkheludicon ﬁlteeslpbefﬁuumud 1d1.,i s needed.

The cat al yst 200 thaais aeans‘e?ditcoretmevve‘scslellthkm'eahbeéwése@uw ydoes,

contai n noi st GRELYFh1eGmny frefks gt srgras éﬁz t BLbE P Ertbyed fromthe
catal yst 160 BEFALTTY SO0y n0 e Ch s VS RO TR VeSBR L. 1 of her
enmbodi ment s, bhta@bbeiduelveemg hatt bLhercaddl pskedt Qll?aﬁotlﬁblﬁﬁﬁtlyto t he
vessel 10 wtl@@uetctlaaw: aghdworef datyalyfiel gatiallyst otéthead. Several operating
paranmeters can Be weljogseth ediredpis: rﬁld‘e'slaﬂ’@lﬁllret%ﬁ%‘ﬁ slr bBs, anounts of
chrom um conv?F??—ﬂf;rt C%}:I’Bé‘-fﬁttﬁ‘ge‘?‘cﬂ;’jcile 8 S oo o1} flan ‘%jig:fm "he catal yst
160 and propeiihgsahehh « AR bhid POLYPOET & D1 RE O o@r uced using
the activated cat al yst 165. The operati ng par aneters that can be adjusted
include the linear space velocity of the fluidizing gas 162, chrom um

| oadi ng per square nanoneter of surface area for the catal yst 160,
activation tenperature, tenperature profile, and. the like. 9 As an
exanple, the feed rate of the catalyst 160 can affect the properties of the
actl vat ed cat aI yst 165, the polyolefin product 170, or both. The rate at

‘A~ o~



In sonme enbodi nents, the maxi mum tenperature at which the catalyst 160 is
heated is in an overall range of about 300 C. to about 1000 C. In an
aspect, heating the catalyst 160 can occur by heating the catalyst 160 at
different tenperature ranges within a7pI urality of zones. For exanple, when

a high tenperature actlvatlon is needed, a first zone 15 can Qe heated in a
range of abouP<3mEable bﬂﬁfnefbtﬁ tpat °6‘Pb<ﬂf‘5‘F elﬁg(d“;i bout 400 C.

nand

ding t
to about 600 (uailSECORHGARGS ﬁ?fﬁ@?ﬁl ng bﬁé@iw ﬁheafmerso odbout 500 C.
to about 900 @oj @ld BERRsNEEY to 1105 @b itz B 16 g naikevh 8581 C. ; or

al ternativel ypafm@WﬁaEbet81ﬁ:5©f®e fipeabd00., B@Ol@deﬁgﬁﬂdrw w35 can be
heated in a r?’:@g;tlo g V tersl EP;QOWJ size an egtﬁé)t?{(anpl e, when
a | ow tenper aflif & ql a\é’%ulg@te%o cedeid L ATl done 1 ¢heated in a

range of aboubnd®bh&ndr-alia ,wenbaolzheféwatddmhysnél{ omlabout 400 C.
to about 600 ﬁlte&xrgsmdcmnenﬁ&le@anbeuhe@ﬂedﬂmm@ paﬁgea(ﬁtlcazbout 500 C.
to about 750 eroced ’@rﬁé‘?ﬁ% mf’rl 1&5%({?1?(%60?%?1&%%2; % C.; or

al ternativel y_-fF 6 DIk g Aaneg 35 can be
heated in a r3Bg&.Q o@hg e Yhe /B9 0f D oat b Sonhodi ment s, ¢ he

catal yst 160 eaaldaﬁcheabedoﬁbﬂh&teswamaesrmeh&t ure range in the plurality
of zones. O her Thy filflstre HOPE hcarebd rr@fsrl‘lle§ewslol thyet aF@Wt o those of
skill in the & P"gﬁlﬂfa%teg%% Vt‘b‘??sﬁfﬁré‘ﬁ%? "ﬂys §n”§ Yfhe present

here 11 t

-invention. /.¥a SR 3 Gt S AMEEE50 £ AN E@ds and
systens descr bh&dilbé]li&nfg’éd imosoniee A i mam]bsprctdeesveva&ehrr&aﬁgres heat ed
using electri eaﬂlﬂmhtera?t‘r $ SJeerleﬁlrePetengl @élthI?e‘aﬂteilw% tche0 thgeresh ai r

emi ssi ons, grEmvA é"% 1§j‘rml§@°at %ﬁ@ BB PoRs 2 hth BE MY 2eni ssi ons
that are causggf‘;gyl;’ﬁ Ih oL har i ypes of Heating Sources, such'as natural
gas. Ot her sui t@slsed&ea&e ﬁgte'irQLkBﬂﬁ w&bohen&pa&ﬁwpﬁ&ehhmehef skill ill
the art and aresteonbEocershugelee dh@ictitimiche e@i@pjestodctuwogjrfeselnt i nventi on.

The conti nuou§1~°(?at“o\ﬁ{2 ACEN Oy pY Higs AP xdvant i e Systam 123s energy
q

than the bat cf58dhT osf@ézs;aﬁsg zg%}b%%ﬁiie?ﬁé?ééa s Eoni 1) cant
cycling of thexguaparialuhgcup khdoywaal Qftep h eoenghfgegleﬁeel during
t he heati ng andtzggetl wath stepsrt J@anmsrmmvmabzyjsidla@tadraher can be a

st aged pr oces@xmkrlﬂglqaa%mﬁek@%S:&Wﬁt oitheabsamdiadboPUrae>*esre vessel .

The vessel is2dP&oremalf|¥r Bt & ent el %ﬁ‘ﬁi@‘:{f@fi&éner gy is
required wit h LRy SITHLE Bk eotddafito ¢RBG hBHOMScik@l 86 YS! tcABkkBALAr . The
cont i nuous Ca'gl&byﬁ/fe iiC\tvh\ﬂaat He eeuilc()g}bt a,delxsﬁlﬂs s?ﬁzlhﬁh@ardrafrqmﬂaw:t;o t he

pol yneri zat i od’tas Is‘ea dbesSr(YD) tthemebyvalting tatthwgCsOd®-of t he cool

D g 1 e
down necessar fﬂl;zrature ci Eﬁ Fh,qltils}f o abo:%%i%ﬁF P her reduci ng
energy ConsunpbiOihes mohndl Hels b aghon A4t ectnLhe. rsion rate
of the catal y&&‘tﬂléQlﬁbljﬁliﬁﬁWI)&% aﬂrdlhﬁlﬂpmm ehennphadseh i(ie is the
aver age hol d vksaetiet oklygeoatialgystetclo ki thetlvealoconpilftibusecanal yst

activator 5 arn%rﬁeam?%m endt Lee. &E@nﬁf’t KWeycattapger- Sts heated, it

SC gy ﬁfbﬁanges hor n

i s maintained? g: % ﬁ%{ﬁ) péi“ﬁftlﬂl@
about 2 hours. Qifthe JRsSAMEY nments, the hol d time ranges
bet ween about SAh@suicswmnalbuat 236 caauirsjowd é@rqmﬁiuaﬁei\gqtoi”symeabout 8 hours

to about 20 hé@ﬂscarwomptreqmepp& rifatgpp setier 1 hburrody<apsut 15 hour s.

Sone cat al yst?oﬁj Tl Tﬁ}tle e 1ot ﬁoﬁss t han 2
hours. The hokd ke, ieﬁﬁgsemge}}o% SbEnaveAgs; T4ad & talyst is
mai nt ai ned at 16Bep Aok do keRpeigihe actilheedehthlyemenat veactos 4. Maxi num

t enper at ur e | Fothevaot reratrisorm pf deeskromiienhoY &) toenpethgr yréeeoul d al so be

sone other cr ?E%YIV?W%E t Ut figP ATt hErIEX M eseE B ure. The
s er le components.t 1 b

overal | resi dg)CR &0 Lin ‘%p?thgéeofsﬁég ﬁxﬁ%r@éh@a\é%t to travel

from one end @b doeoNasseba +oichin &t@seeiaerofedm preselnm iate@spact , the

overal | residences ¢haencarrige. :s ﬁeaeltla@mose ctah@lyeltuaalhetqptmatzdnes by

hol di ng the cat altyze- fﬁ’@eP‘G‘Fn 4 RIS PRSI hepp@Bstural ity of
zones. For ex&ppiienerhil &3y ﬁﬁaﬁ’ﬁ%@n “@é‘f’?ﬁi‘ﬂﬁhﬁ‘i‘ﬁ%ﬁg “st zone 15
for a hold ti @;eeﬁ%cr AN EScREEURED, 2 6 00Uk Eort @ caRQUT Bahour S;

alternativel ybeﬁf@%@ﬁ@&bsﬂelﬁd1@xhﬂd$aﬁe€hcﬁb@ﬁéd4nhw&pz&bteablﬁ@ﬂiﬂat ively,
from about 0. beh@uEBChcpleﬁbvb?rsnhbmgS tUTheaoat alay EPH&@G %%nnbéehel d within

t he second zohéliéﬁ ‘F%T) HoPg Frc’aFn §§F3§FV\€@ r5 hours to
about 15 hour 4,3l tE003 hgﬁﬁr "n g mﬁe]naers or

alternatively, fromabout 1 hour to about 4 ours The catal'yst 160 can be
held within the third zone 35 for a hold tinme that ranges between about 3
hours to about 15 hours; or alternatively, fromabout 5 hours to about 10
hours. The residence tinme conprising all three zones can be controlled by
adjusting the catalyst 160 | eed rate, the dinmensions of the -vessel 10, and
ot her process variabl es descri bed herein. As previously described, other



In sone enbodi nents, the nmethod of preparing the catal yst 160 can al so
include the step of filtering at | east a portion of the catalyst 160 and
recycling the at | east a portion of the catal yst back to the continuous
catal yst activator 5. In an aspect, tie filtering can be performed using
high tenperature EIEPA. filters 100, 101. Wien filters 100, 101 are used in
conj unction V\Ft‘ﬁgﬁgat Cf! satreqms a8<3friFn § tf abl e anount

1ze

of catalyst i§d,0¢ 3 nﬁﬁoﬁlﬁﬁqﬁ@ﬁ%&iﬁ%&@y the
processes des ebhbadob@r@tatyﬁe&au&eoﬁsoefﬁ eahble ne: aotamridicdet ect abl e

amount of cat &tsstio e bleskdcdveithendhe ibridizost bv‘atoetdlleoaltrmlylmustGS can be

produced duri ﬁgtetlgiét TR, 1‘1‘]‘13 rﬂm%a HROP Ssegfléétf&llﬁllstléj%mount means
an amount thaf, F8; § iqb}ﬁé N lﬁb% tapaﬁgg“fuﬁ‘i,%t ndow wi t hout
extraordi nary,eBass, eSSt moat Yatical ghbidial lomidthR sthe nor mal

en-or of the beﬁabmoﬁﬁdwmerﬁomg\keﬁque woLtdebdnconsitgeregeresponse

-vari ation (eppeitiplpparhdet agtivaipr F@@é@ﬁ?@é’ "mat"?faf‘tlétth Létll“%ﬁ’ originating
front the ope&jg)}%} ﬁiﬁg‘@%ﬁl C’ég‘t’ 1;‘@1 %I yst | ost,
transferring LonRiSEabaeroadlpLekor I Hgififl saﬁauotumm%aircapun an aspect,
the step o f haaiiveguhbat aaﬁaér;@*gyhﬁfgeand the step of cooling the

val ence- convertétjlscaltﬂatsmeécbat ﬂtlfﬂ coapauate %@@éﬁ}tsacti‘ffltgmwé enbodi nent s,
the step of hé%t ﬁ@ t‘?f‘g“@ﬁflaf ‘6"(5“’6% o@‘:‘fgﬁs esc‘é%@fcﬁls ‘feating zone
that contains? 251 GRS Or” CeOGoLN the vessel
10. In anot hEﬂ"}&Sﬂﬁ%wnﬁ@ﬂe&Eﬁ@;t&fﬁ 99@{716@; ztbeeﬂﬁtcfaf:@re@ﬁmagtzed cat al yst
occurs in at ketdys0h€0doaGl Fogtinopes cﬁtelﬁo@\lcrlrvgtcstt gpacghowpger in a vessel

external to tﬁ'éGVe’ssB’r thiy methpg, gafplye ’a’sgi§ﬁ6?@“t‘t'fl FIG 2, the

step of i schalgLHI LR ARERE FDUNAK, CRTARLST Tea e MBeS cont | miousty
sending the v @BQ%I?@@Y@f)tlgduﬁﬁBﬁiﬂ&She&ﬁsﬁi t{DaankRaGuoh td4hGanpri si ng any
sui tabl e pol ym’elwaﬂhmmheeast@rl(!;y@hemhq: notalylmrtglitlbmlm@te‘kcrsmet ed to a

pol yol ef i n poF?n’éﬁ ?&&F‘hj‘ﬁllﬁéa 1371“@3 fg% Pﬁf %S?rl zation
reactor systeffy oBblY t@ﬁ’i ?éeiioﬁﬁ?r%? Aath oAC g E% a | oop
slurry react 0E;a§;M§E€m;oarﬁ Ib@%@ﬂs%aﬁ%ttfgatéa%h%rﬁla@ﬁt ¢ln&eact or
system | n ot heixiearbodicmplesatdrbenvalceptssGeaver hedemt@heysgeh% can be
sent to storagedid3 aflgpld Ging- éntmeaspectAshﬁusétﬁdﬁéP@Prﬂgﬁtﬂﬁé:atl’e?‘?rs "reactor”

and "reactor & stbé‘f‘?is‘?f‘eftfﬂll NAUGOVEETHY P;ggggedtf%?u z@%‘%aggt nt that are

a mix re o oas

useful for acfl&und AubSt anliabhy Gk e pradEssocondidions thor the

reactor/react ormayzahgrgad:o&zemrzﬁm Spait, i eluididige wessek can- be used to

ensure that apwnsttaﬁtwtﬂ@adi 9 rtrf Iaoztu vm@d chedl sitlzmg gent to the
reactor. O het16 BPeP 1 fh‘i’ g W rating the
react or/ react g esC@ e@éa pl r]%:,wyad1 gﬁlow i} )6 apparent to

those of skil L:hk lbalaotltamﬁzdamtﬁlabé@msyaem ﬂM) o}(txbpuscope of the
present i nventtw.ID Whanoihe cCatalgiste-congtesterl bedctiggtgeraglyeont i nuousl y"
sent to the redéeote hplidtipanbantdnigs élowﬁtfmﬁfst: ngéﬁﬁﬁ telats lyst to the

process equi pIRAL AL i) B Pl ARRIIE 89 %g i ng the
catalyst to thg. pk a%.ua%u@émrﬁsmqawe itanu ~Epsyre that a
cont i nuous sugbhya i>acke vEhethwahaliystt gss, bahngrufredaﬂco(jé:ﬁmaiﬁ«actor The
chrom um cont abnedriugdhior ¢hrmbdavtp stlh%@)ft tTette yal p‘at"e‘delé?dactl vated in
enbodi ment s offa’fzﬁlgj)il%@ﬁtﬂl?ﬁh\f@ﬁf’tl Seq@ﬁgbé;% nd support ed

e dischs 11 toast eve
on an i nor gankX 1Qg} 48" GRKLSE is ERARD]RS enChT Gpy Uik Eaepad can
i ncl ude a chr omittm @Xhd8dea. chrom um saI t an or g, anochrom um material, or

conbi nat i ons t h@neodatal e liﬁ"ﬂ)tlgans d:‘e@x(pdee&atssqlérﬂ can zbeiaﬂtyalém rier t hat

has a high su ecatlbfan ?éo SRS, &3 form ng an
S L S R BT ls peealt 20
the carrier, ¢amSRAPHSCH hﬁﬁystsh i0C8a Al BuNsBH Mo SiHd G}asgd:lt a0i a, alum na,

silica oxi de vailtbiainhaphos phatre; diphospbategdsal 6 na. titanated silica,
silica-zi rconl aS<eay! opeshiing, Parapekes S%Filt%blaéilui?qfrﬁt)e?‘i’taim The
chromi um | oad i i'te FaR Srﬁ“f’olrﬁaa‘b%lﬁn “i'th

Bk %
al ternati vel y Qmiﬁg&uh g A1 e@bﬁﬁ (E,f Sr‘ft@f pQ[)dﬁLEQr natively,
from about O. g RA d@aiaheut cdialWst 1&8. Tihe opuirhdog paeasecan vary from

about 100 |n21ﬂgam daeabéutbté@()@chﬂi malltrawwaipm yeldaipmrdibat 200 ria2/g
to about 700 i‘i‘t}‘zﬂ%fm&rgiaﬁti Fn& %Bﬁf SgB@‘”ﬁé&‘fg“t“oteabout 600
n2/g. The por ‘;?’ Ci‘ﬁ@ 07 V&t “aNoTt 4"/ cc;
alternatively, out eetoaout 3 Wee; or alternatively, from
about 1 5 g/cc to about 2. 5 gI ee The average bul k densities can vary from
about 0.2 g/cc to about 0.7 glee; or alternatively, fromabout 0.2 g/cc to
about 0.5 glee. The average particle size can vary from20 mcrons up to
500 microns; alternatively, fromabout 30 mcrons to about 200 m crons;
alternatively, from about 40 m crons to about 150 m cr ons; aI ternatively,
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The net hods, apparatus, and processes described herein can be 13 s ed with
-various types of chrom um catal ysts. For exanple, when a resin with a

hi gher nelt index potential or a cat a%st wi th higher productivity is,

desi red, a catalyst that contains titahiumcan be used.

. 11tani um cont a ning. cat al y§i.g Gal De. Tpt e%&? St S0l 08D o rrect
non-titani um eQAt A eQHeQIé{f'ikﬂéta%n Vel BN A Ist E8he o1k S1dMAE econoni cal
to add titani pibtact he'oc(ﬁrabyﬂi ThAthefe t-harhich phécdwsazscattad) yst t hat

al ready cont altlras,lbtfwtradl wrlfa@ tactép@nwd'atleovhecmebditfé’@rﬁ odgcFg
titani um cont 3 Crilte Gltﬁ %‘illﬁelyiS can

Q- A roative

i ncl ude the S%‘é’@“ ?lﬁ:.%attb ﬁé"s’c“ém RO d dudatd Adiskhe cat al yst
to the maxi rmm;heaﬁﬁr@@trur@ad leletalst apat@ b he-gatabysbactdiaeadal yst is

contacted wi t lplant sirer s@iregn agerl. ]asblfhubl Itzaﬂ:abr oorgenpesat-uFkeprior to
heating the c&PAYRIOUSOCRIREY Has HYAHOE F‘éle%ih‘?%lpt?hz’fg?gatl on agents

| nel ude 1 tangt ¥, SIS TG f:o;’; ﬁfmf EES Ve L du Pont de
Nemours SC CO¢inddifs cQfa19BY asticAtStichabi& £ MRoURtLcanpRs Giiahty avail abl e.
Besi des titil lfatilngss. cataltpss.s staddid i onalelpr ocesaystepsbianibe added to

t he pr ocessesﬂel@mﬂ bed her e| n as needed todobt aén di fef erent . desired

physi cal - pr oper (1S 11 PHE TR I0g MRty JOUE, SUCstadn, 1Gr i ses
reduci ng the %@ g 18 L{}L galakysba ée@lguf, g dBetldMalyQn process,
wherein the V&|6@]’lﬂﬁrt(‘i@l’bkﬂhgeﬂctﬁ:*&it&|dy§1ﬁdItBeCcDEﬁ;ﬁBE&i pdopetthesaoredaci ng agent.

The reduci ng ageﬂtlr%mowlaﬁylmQt@bIl@q (LI E (o2 atte e npgqlmiﬂhdhﬁg al kyl s,
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reduci ng gas eanvbeoalnupmucteabt@pp@ﬁsfsgae Ye osedub- at nospheric to relative
hi gh pressure, BHtSOPF% ?n ‘é‘f"ﬁtﬁ%ﬂ@fa&“f%ah’t’v FE}e about 5 to

25 vol ume A c@? ﬁ§@;ﬁﬁ C§Q é 1o O ra oabotfeabimspheri ¢
pressure. Qcarthe gsle nlrse aﬁiﬂ‘ekéntﬁeé’rn m&efl cial to
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been previous FVH?P@HEEE”G adqtiy@tisgs ssngdrbedvia ot S for berheatftflonm um

catal yst, proy .des e ohap ﬁépgﬂrb ﬁg@@é&ﬁgéc&gd%g& %lﬁﬂgg a different
Theol ogi cal resReNs&: mffra@mr b 80t 680°[ESRONBELE B kaGlLri zed by a
narr ower nol ecileay, ﬂfehgl’zlllacﬁiitﬂ(}'()"b(]i it6 MbRutad 3 @Wer.; be\aeierﬁfatﬂvemg chain
branchi ng and fcam deoneaSOr €d. tyyabone SO red Mﬁ%)ne(;ﬁﬁe?&&i by, reduced
and reoxi di ze@eHAIYILIHF LY ‘b‘d@é@ esh On%b%'“ Fomst @ ratio

acti OF snee d

(hi gh 1 oad melF EHex i Vi ded: ”Eﬁ?auﬁ ¢ 360PeOXLJiaR Jihe catal yst,
t he val ence- Cmr(ted)rﬁzateﬁlnﬁﬁtveﬂ aﬁohaabbaeaobedncmbm beocaont acted with
a second oxygeﬁnawqmgdagentztpcaubetlmq:tadgn mwﬁdﬂeqcesﬁﬁﬁﬁértped catal yst.
' The second o g’é‘ﬁa’?ion ‘i‘ﬁm dricbe A2008 - dap rhEE R rom the
first oxygenafing slents caéy’f @k@%?ﬂozﬁr ﬁgéeiﬁgﬂﬁ’é‘t o andg front the
reduction terr%roalwrs@ot@ %EﬁﬁEﬁéﬁ{wcﬁxﬁéﬁﬁs ba svexd e hol d

t enperat ure, ﬂmteexaﬂmieesmhew\emrdﬁ&e&an@&dnkﬁ@@alﬁrahty @Sz@nest her

enbodi nent of @erprétdie tepverebgre Prelascesd Hoppprotitice oI yol ef m
product 170 uﬁfﬁg Jedheintang a&sttal%foaaﬂ%f‘aﬁa?“%’%ﬁlae3013 r| zati on
reactor 140 in 0 DR S s BLAVL dedy K016, s@SPEE S GABRILEESHPr oduci ng a
pol yol ef i rt uskB@GmMs CRRLFMdEhefsina TR IR dradbidamdraactior v&48;1 and a
conti nuous catld ipdteaaed ivgat o elS;tricad heotipiendfsont shrownicphbFhGne? as a
cont i nuous cat"é\‘l‘lly’éftd“%:fcfftaﬁ_‘1 O SEe gT50. PAVES| S ZAH o B8kt or process

SS510 at a
variable is c

qfﬁe%tﬁl O e VA AR S <8Ol e iad @
continuous ca ylsltg Aald¢atefll PEagpsseMald alle da:tSsla(ﬂ]] iwstedraaaar di ngly.

Such pol yneri Zta«t:lt@bercemstl@erq@rmesstharspezbleesft@:x@rpneﬁehude/erbmn are not
linited to, m%ﬂlte Fﬁ&é‘%‘“@fust?fféa ty@@iwata’r sifg@asur enent ,

?ﬁ’éra ?
ethyl ene flow( ﬁgf;gf cé@’g‘:'t FWSs, ?L_r atl’; 1%, isobutane
flowinto theHa%@;Qi nfb§ &ﬁ{ﬁ@v Mdiutm &icoBﬁa&%ne flowinto
t he reactor, Bexgr mid ewnutudfs &zlilellyﬁaﬁtwatoheaeeneeeosmge@l erod N the

react or, hydrgﬁg;nwﬂGMEaﬂﬂankﬁéﬁseacﬂobeahyad thigwtongt vetselhe reactor,
hydrogen conver¥f ﬁs$ﬂé§ﬁ%:?éani¢ﬁ2 } i gﬁng)ggﬁgi? Sctor, |iquid
flow out of tREFERGLAEE fﬂﬁﬁ"a}ﬁﬁm O DS TS T RBE O it Bl mass flow
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reactor, pressure of the reactor, weight concentration of solids in the
reactor slurry, volune concentra- 14 tion of solids in the reactor slurry,
wei ght concentration of solids in the settling |leg solids bed, nunber of




In one aspect, a discharge stream process variable Y on the polynerization
reactor 140 is nonitored and conpared with a reactor process variable set
point Z, as shown in FIG 2. An inlet grocess variable X on the continuous
catal yst activator 5 is then adjusted!based upon a conparison of the

di scharge stre rg roczss varl abl &Y a t he 0gess variabl e Eet poi nt Z.
The di schar ge SLERAMARHRESS qlg%@&hm B AT IR d,: can i ncl ude
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catal yst feed?Yf&* S‘OI?H tf}@e Gl Wil ‘f’ét@’értﬁ? t“%\“ 3% al yst hol d
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process vari aBffdbx Rpkd t‘fﬁépﬁfrgéffﬁnffhﬁoh‘t’ VPRI Ilsltﬁ‘etﬁ?"a t and are to

be consi der ed W Ehi 8 S 0RE oL T ffoﬁle‘g LT 1?;35?& anot her

enbodi ment  of th £ tRE aSShmh VR bOhtude. a1 d&M&éQﬁhé
continuously phepariag: tncattahist tié0aidy prwvirded, frasn shewnd anI G 1. In
the conti nuou§h€a’le§P?]s%0&€tt?ﬂ?a?t@Fr?nda uni f orm conposi tion results when

each catal yst 3 1 6’r‘°et8 @éﬁ#g ‘BB%i n contact
with the ci rcwﬁﬁﬁl 5§}:§3%§’35§5 mﬁ”i@ QJ&S(;@?%%E%%GVEV age of
all catal yst lﬁﬂalthtﬁd&&tlgi‘é]ﬁ)élcltxhﬁ}ﬁﬂﬁméﬂi:lﬁi.t&nﬁ:&[ﬂhyﬁzﬁhadxﬂtlhﬁé or 5 of this

i nvention can ﬂpiﬂbdfu@esabgfrvw@a@ @lQ- ﬂ)}l@#rscfa’t a‘P lst 6dSO’~FIT$ taﬁ‘i?rbat ch

acti vat or, m(ﬁaﬁ’(?’ om Ou ‘7‘% h %?}z% mrs EFED product
mel t index poten @helé Stedda ‘lngo,m%§ onala aghorter
overal |l resi deaﬁgei IHEWTeI&iﬂa&(SuﬁDFH wﬁattelgb&l&%sqq&&% Qﬁtetrhat needed. in
t he batch act itiratlepr forocdsses]l hdhentcc ehpat éidhbgrsca@ata;tsmamhalbf are

activated by {h;g %‘hO‘achv&tro'fo aborhe, AR %?d’atﬂl‘ﬁ%s and hol d

tenper at ures i, cOAT YL %éfgi‘ @&.ﬂﬁ@%@f@ai‘““ flcecofUal or greater
conversion to m(sﬂ; utryﬁ uee Qf@\ﬁt aot hohiy TRE alysisican @r oduce

catal ysts capabinepobirps sdubiragzpess kenwd bontplievidsy el tstimgee pot enti al .
Because the F@€@§SE§6§nﬁ°e§%{S@T@Hﬁhéé@@‘?rﬁé@nﬁafe‘ihﬁ deesaiof@ idicient at

the same thr oﬁ’é@ﬁ?“ﬁ%ﬁ?ﬁ% Wﬁﬁr@%ﬁfﬁﬁr Oﬁ D5ysiens, it ls helieved that

ous Tl 1110‘ gat‘arneters can

smal | er equi PRRLY HARAREHIED ArrdASHSATR O IbE AL EksiGAPARLL Yne Whi ch
reduces the i minhdaht oi@eeaahﬁa@e d:dSW@éiTtdS&me TCaUDL gidle eopastial brand oper ate

such syst ens. Becalsly st A&Oactngdbr abt inraperties %Itheﬂ@bnmngemlefd and cool ed,

as in batch a@fiatront QskEe tarar qtegr bth¢he acti vat or
e N e e Ao
| ast | onger. Iaulrdt BRIADEE quka@iss, 6¥ Clonp a8fsrhbBeduhaalidigaasd 613@114; ng steps in
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In some embodiments, the method of preparing the catalyst
160 can also include the step of filtering at least a portion of
the catalyst 160 and recycling the at least a portion of the
catalyst back to the continuous catalyst activator 5. In an
aspect, the filtering can be performed using high temperature
HEPA. filters 100, 101. When filters 100, 101 are used in
conjunction with the wvessel 10, essentially no normally
detectable amount of catalyst is lost overhead, which
increases the efficiency of the processes described herein.
Because essentially no normally detectable amount of cata- -
lyst is lost overhead, more activated catalyst 165 can be pro-
duced during the process. The term ““no normally detectable
amount” means an amount that is hard to quantify within a
short production window without extraordinary means. Some
loss of catalyst might fall within the normal error of the test
procedure. However, it would be considered response varia-
tion (error) in the testing procedure (or variation error origi-
nating from the operator) and includes collecting the amount
of catalyst lost, transferring to a scale, and recording the
amount weighed.

In an aspect, the step of heating the catalyst 160 and the step
of cooling the valence-converted catalyst occur in separate
vessels. In some embodiments, the step of heating the catalyst
160 occurs in at least one heating zone that contains at least
one stage. The heating step can occur in the vessel 10. In
another aspect, the step of cooling the valence-converted
catalyst occurs in at least one cooling zone. The cooling step
can occur in a vessel external to the vessel 10.

In some embodiments, as shown in FIG. 2, the step of
discharging the valence-converted catalyst 165 includes con-
tinuously sending the wvalence-converted catalyst 165 to a
reactor 140 comprising any suitable polymerization reactor
system, including but not limited to a polyolefin polymeriza-
tion reactor system, a polyethylene polymerization reactor
system, a polypropylene polymerization reactor system, a
loop slurry reactor system, a gas phase reactor system, or a
batch reactor system. In other embodiments, the valence-
converted catalyst 165 can be sent to storage 130 for future
use.

As used herein, the terims “‘reactor” and “‘reactor system’™
can include various types of process equipment that are usetul
for achieving substantially stable process conditions for the
reactor/reactor system. For example, an inlet surge vessel can
be used to ensure that a constant feed supply of activated
catalyst is sent to the reactor. Other suitable process equip-
ment that is useful in operating the reactor/reactor system,
such as process control valves, will be apparent to those of
skill in the art and are to be considered within the scope of the
present invention. When the catalyst is described as being
“continuously” sent to the reactor, this can include continu-
ously sending catalyst to the process equipment within the
reactor/reactor system and/or sending the catalyst to the pro-
cess equipment in any manner that will ensure that a continu-
ous supply of activated catalyst is being fed to the reactor.

The chromium contained within the catalyst 160 that is
prepared or activated in embodiments of the present invention
can be a chromiuwm compound supported on an inorganic
oxide carrier. Examples of the chromium compound can
include a chromium oxXide, a chromium salt, an organochro-
mium material, or combinations thereof. The inorganic oxide
carrier can be any carrier that has a high surface area, a high
pore volume, and is capable of forming an active catalyst
upon activation.

The support, which can also be called the carrier, can
comprise silica, silica-aluminum, silica-titania, alumina,
silica oxide, alumina phosphate, phosphated alumina, titan-
ated silica, silica-zirconia, clay, zeolite, or other suitable



400 108 0.075 400 30 Whil e the invention has been shown or described in
only sone of its forns, it should be apparent to those skilled in the art
that it is not so limted, but is susceptible to various changes w t hout
departing fromthe scope of the invenf2on. For exanple, various types’ of
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( a) a p0| ymer PEQFF (ggg é%;{%[[(%r alternatively, Trom about 250 m~*/g to
about m-/g. e pore volumes can vary from about 0.6
g/cc to about 4 g/cc; alternatively, from about 0.9 g/cc toabout
3 g/cc; or alternatively, from about 1.5 g/cc to about 2.5 g/cc.
The average bulk densities can vary from about 0.2 g/cc to
about 0.7 g/cc; or alternatively, from about 0.2 g/cc to about
0.5 g/cc. The average particle size can vary from 20 microns
up to 500 microns; alternatively, from about 30 microns to
about 200 microns; alternatively, from about 40 microns to
about 150 microns; alternatively, from about 50 microns to
about 150 microns; or alternatively, from about SO microns to
about 100 microns.

In an embodiment of the present invention, the catalyst 160
can have about 126 Cr, a surface area of about 300 m~/g, a pore
volume of about 1.6 cc/g, and an average particle size ofabout
100 microns. Suitable catalysts that can be used in the present
invention include several grades that are commercially avail-
able from W.R. Grace Co. and are sold under the model
numbers 969 MPI, 969MS, and HAIL DS and other suitable
catalysts available from vendors of commercial catalysts. The
catalyst particle size average, mean, median, or some other
averaging method with a confidence limit, can be about 15 to
200 microns. The continuous catalyst activator is not limited
to the amount of Cr in the catalyst, the average catalyst par-
ticle size for a polymerization catalyst, or other particle prop-
erties such as morphology (shape), bulk properties, packing
factor or catalyst particle density so long as the particle is
capable of being fluidized.

The valance state of the chromium before being activated
can be Cr(I11) or Cr{11), but most commonly it is Cr(1I1). After
the activation at least some of the chromium is converted and
remains in the Cr(VI) state. One measure of the success of the
activation is how much of the chromium remains as Cr(VTI).
This “conversion’ can be dependent on factors such as space
velocity of the oxidizing agent, chromium loading per square
nanometer of surface, activation temperature, temperature
profile, and the like. While not meant as a binding theory, itis
believed the space velocity of the oxidizing agent can beequal
to or greater in the continuous catalyst activator than in the
batch activator. The catalysts 160 of this invention typically
have equal or higher conversion than that of the same cata-
lysts activated similarly (using the same output and activation
temperature profile) in a commercial batch process. This
becomes more apparent at the higher activation temperatures
where the Cr(VI) is more prone to decomposition. Other
chromium wvalences can be present during part or all of the
method steps described herein. Itis believed that catalysts 160
made in accordance with embodiments of the present inven-
tion will have conversion rates that range from about 5026 to
about 100%%6; alternatively, from about 70%6 to about 100%;
alternatively, from about 8026 to about 100%6; or alternatively,
from about 9026 to about 100%b0.

The methods, apparatus, and processes described herein
can be used with various types of chromium catalysts. For
example, when a resin with a higher melt index potential or a
catalyst with higher productivity is desired, a catalyst that
contains titanium can be used. Titanium-containing catalysts
can be more expensive than non-titanium-containing cata-
lysts. In many instances, itis more economical to add titanium
to the catalyst rather than to purchase catalyst that already
contains titanium. To accommodate the need for producing
titanium-containing catalyst, the processes described herein



(b) continuous catalyst activator conprising a substantially horizontal
fluidized bed vessel, and wherein the continuous catal yst activator further
conprises: (i) a gas distributor plate extending substantially horizontal
within the fluidized bed vessel beinglarranged to al I ow passage of a’
fluidizing gas throughout the fluidized bed vessel; (ii) an |nlet for
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reoxidize the calalyst. In some aspects, reoxidizing a catalyst
that has been previously reduced increases the MI potential
for the chromium catalyst, provides for better chromium con-
version, and exhibits a different Theological response. The
rheological response can be characterized by a narrower
molecular weight distribution or a lower level of long chain
branching and can be measured by some shear response.
Generally, reduced and reoxidized catalysts will produce res-
ins with a lower HLMI/MI ratio (high load melt index divided
by the melt index) To reoxidize the catalyst, the valence-
converted catalyst that has been reduced can be contacted
with a second oxygenating agent prior to purging the valence-
converted catalyst. The second oxygenating agent can be the
same as or different from the first oxygenating agent. The
re-oxidation temperature can range from the reduction tem-
perature to a temperature greater than the maximum hold
temperature, for example, between 450° C. and 1000° C.
As another embodiment of the present invention, a process
for producing a polyolefin product 170 using a continuous
catalyst activator 5 and a polymerization reactor 140 in com-
bination is provided. One aspects comprises producing a
polyolefin using a controller C, a polymerization reactor 140,
and a continuous catalyst activator 5, the combination shown
in FIG. 2 as a continuous catalyst activator system 150. A
polymerization reactor process variable is compared to a
reactor process variable set point and a continuous catalyst
activator process variable is adjusted accordingly. Such poly-
merization reactor process variables can include, but are not
limited to, melt index of the polymer, a polymer rheological
measurement, ethylene flow into the reactor, ethylene flow
out of the reactor, iscbutane flow into the reactor, isobutane
flow out of the reactor, hexene flow into the reactor, hexene
flow out of the reactor, hexene conversion in the reactor,
hydrogen flow into the reactor, hydrogen flow out of the
reactor, hydrogen conversion in the reactor, polymer flow out
of the reactor, liquid flow out of the reactor, total mass flow
into the reactor, total mass flow out of the reactor, total vol-
ume flow out of the reactor, catalyst flow into the reactor,
catalyst flow out of the reactor, concentration of ethylene in
the reactor liquid, concentration of hexene in the reactor
liquid, concentration of hydrogen in the reactor liquid, tem-
perature of the reactor, pressure of the reactor, weight con-
centration of solids in the reactor slurry, volume concentra-



5. The polynerization systemo f claim1, further conpri si'ng an inlet

titanati on agent di sperser. 6. The polynerization systemof claim1,
further conprising a chanber dividing wall that enables nore than one
catal yst to be prepared sinultaneousl| y4 7. The polynerization system of
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cat al yst embodiments, the contro can b gramme

: algorithm A that is selected from neural networks, partial
least squares, principles, component regressions, first prin-
ciples models, or combinations thereof to infer impending
changes in the discharge process stream variable Y.

In one aspect, a discharge stream process variableY on the
polymerization reactor 140 is monitored and compared with
a reactor process variable set point Z, as shown in FIG. 2. An
inlet process variable X on the continuous catalyst activator 5
is then adjusted based upon a comparison of the discharge
stream process variableY and the process variable set point Z.
The discharge stream process variable Y that can be moni-
tored can include catalyst activity, melt index, density or
rheological parameter of the polyolefin product 170, the pro-
duction rate of the reactor, or combinations thereof. The inlet
process variable X that can be adjusted can include a catalyst
feedrate to the activator, a zone temperature, a catalyst hold
time, a fluidizing gas 162 linear velocity, the type of fluidizing
gas 162 used, or combinations thereof. The step of adjusting
the inlet process variable X can be performed using a control-
ler C programmed with an algorithm A selected from neural
networks, partial least squares, principles, component regres-
sions, first principles models, or combinations thereof to infer
impending changes in the discharge process stream. Other
suitable types of controllers C that are capable of adjusting the
inlet process variable X will be apparent to those of skill in the
art and are to be considered within the scope of the present
invention.

As another embodiment of the present invention, a fluid-
ized bed system S for continuously preparing a catalyst 160 is
provided, as shown in FIG. 1. In the continuous catalyst
activator 5, a uniform composition results when each catalyst
particle has a hold time or residence time to be in contact with
the circulating fluidizing gas 162 that is closest to the average
of all catalyst 160. The design of the continuocus catalyst
activator 5 of this invention can produce a similar quality of
catalyst as in the batch activator, including equally high cata-
lyst activity, polyolefin product melt index potential, and
catalyst Cr(V1) conversion at a much shorter overall residence
time that is approximately 40% to 90% of that needed in the
batch activator processes. When compared to catalysts that
are activated by a batch activator at the same or similar hold
times and hold temperatures the continuous catalyst activator
can produce equal or greater conversion to Cr (VI), produce
higher activity catalysts, and produce catalysts capable of
producing resins with improved melt index potential.

Because the processes and systems described herein are
more efficient at the same throughput than batch processes
and systems, it is believed that smaller equipment can be used
at the same or greater capacity, which reduces the initial




12. The polynerization systemof claim1, wherein the controller is
configured to: (a) nonitor the polynerization reactor process variable; (b)
conpare the polynerization reactor process variable with a reactor process
vari abl e set point; and (c) adjust thé&5continuous catalyst activator °
process vari abl e based upon a conparlson of the oI nerization reactor
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bine gas and electnc actlvatlon however, Example C is a
batch activator and Example D is a continuous activator.
Example FE is an electric continuous activator. The table dem-
onstrates that the electric continuous catalyst activator will
provide considerable cost reduction.

TABLE 1

Comparison of Batch and Continuous Activators

Activator Utility Annual Activator Amnnual Activator
Reactor/ Costs Capacity Ttility cost
Activator $/1b activated catalyst ™M lbs/yr ™
A .25 342 86
B 0.38 244 93
C 0.58 210 122
D 0.27 400 108
E 0.075 400 30

‘While the invention has been shown or described in only
some of its forms, it should be apparent to those skilled in the
art that it is not so limited, but is susceptible to various
changes without departing from the scope of the invention.
For example, various types of fluidizing gases can be used,
various metallurgies can be used for the activator and other
system components, and the like. Other suitable variations
from the methods and systems described herein will be appar-
ent to those of skill in the art and are to be considered within
the scope of the present invention.



(iii)at least one zone dividing wall lin dividing the fluidized bed vessel
into a plurality of zones, at |east one of the zone dividing walls
conprising a zone opening that allows the catalyst to be introduced into a
next downstream zone, the plurality ofl6ézones being | ocated substantially
horizontal in relation to one another; and (iv)each zone conprising at
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one of the zone dividing walls comprising a zone
opening that allows the catalyst to be introduced into
a next downstream zone, the plurality of zones being
located substantially horizontal in relation to one
another; and

(iv) each zone comprising at least one baffle, each baffle

defining a stage, each zone comprising a lower bound-
ary that comprises at least a portion of the gas dis-
tributor plate;

(c) a controller programmed with an algorithm to control a
polymerization reactor process variable by adjusting a
continuous catalyst activator process variable; and fur-
ther comprising at least one of:

(d1) a filter apparatus adapted to remove catalyst particles
entrained in the fluidizing gas; or

(d2) a cooling system wherein an oxidizing stage cools the
catalyst with a first oxidizing ambient compound and a
purge stage purges the catalyst with a first inert agent.

2. The polymerization system of claim 1, comprising suf-
ficient baffles to cause an essentially plug flow profile through
the fluidized bed vessel.

3. The polymerization system of claim 1, further compris-
ing a reduction stage.

4. The polymerization system of claim 3, further compris-
ing a reoxidizing stage.

5. The polymerization system of claim 1, further compris-
ing an inlet titanation agent disperser.

6. The polymerization system of claim 1, further compris-
ing a chamber dividing wall that enables more than one cata-
lyst to be prepared simultaneously.

7. The polymerization system of claim 1, further compris-
ing a catalyst comprising chromium flowing through the con-
tinuous catalyst activator, wherein the catalyst is maintained
at a hold temperature for an average hold time.

8. The polymerization system of claim 7, wherein the hold
temperature is from about 300° C. to about 1000° C. and the
average hold time is from about 1 minute to about 30 hours.

9. The polymerization system of claim 7, further compris-
ing at least one agent contacted with the catalyst within the
fluidized bed vessel to convert at least a portion of the chro-
mium from Cr(I11) to Cr(VTI) to produce a valence-converted
catalyst.

10. The polymerization system of claim 9, further compris-
ing a cooling system downstream from the fluidized bed
vessel.



(iti)at least one zone dividing wall for dividing the fluidized bed vessel
into a plurality of zones, at |east one of the zone dividing walls
conprising a zone opening that allows the catalyst to be introduced into a
next downstream zone, the plurality of7zones being |ocated substantially
horizontal in relation to one another; and (iv)each zone conprising at
| east one baf f | &1. ddehpobfmieeizdéfcm pyistem stiagleimedOh fugher sHpri sing a
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time, an average catalyst hold time at a hold temperature, a
fluidization gas flow rate, a fluidization bed height, or com-
binations thereof.

14. The polymerization system of claim 12, wherein the
algorithm comprises a neural network, a partial least squares,
a principle, a component regression, a first principles models,
or combinations thereof to infer impending changes in a
stream discharged from the continuous catalyst activator.

15. A polymerization system comprising:

(a) a polymerization reactor,

(b) continuous catalyst activator comprising a substantially
horizontal fluidized bed vessel, and wherein the continu-
ous catalyst activator further comprises:

(i) a gas distributor plate extending substantially hori-
zontal within the fluidized bed vessel being arranged
to allow passage of a fluidizing gas throughout the
fluidized bed vessel;

(ii) an inlet for introducing a catalyst into the fluidized
bed vessel;

(iii)at least one zone dividing wall for dividing the flu-
idized bed vessel into a plurality of zones, at least one
of the zone dividing walls comprising a zone opening
that allows the catalyst to be introduced into a next
downstream zone, the plurality of zones being located
substantially horizontal in relation to one another; and

(iv)each zone comprising at least one bailfle, each battle
defining a stage, each zone comprising a lower bound-
ary that comprises at least a portion of the gas dis-
tributor plate;

(¢) a controller programmed with an algorithm to control a
polymerization reactor process variable by adjusting a
continuous catalyst activator process variable; and

(d) a reduction stage.



(v) a chanber dividing wall that enables nore than one catal yst to be
prepared sinmultaneously; and (c) a controller progranmmed with an algorithm
to control a polynerization reactor process variable by adjusting a

conti nuous catal yst activator processl&ariable. 19 18. A polynerization
system conpri si ng (a) a polynmerization reactor; (b) continuous catalyst
activator corrﬂlﬁl “lé(n%%ﬁ"é}ﬁ’ﬂ %}’f’ft?nh&qfﬁﬁﬁ’csépgf | ui di zed bed vessel, and
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gas distri butor mqﬁt@e zone dividing walls comprising a zone opening
that allows the catalyst to be introduced into a next
downstream zone, the plurality of zones being located
substantially horizontal in relation to one another; and

(iv)each zone comprising at least one baffle, each baflle
defining a stage, each zone comprising a lower bound-
ary that comprises at least a portion of the gas dis-
tributor plate;

(c) a controller programmed with an algorithm to control a
polymerization reactor process variable by adjusting a
continuous catalyst activator process variable; and

(d) an inlet titanation agent disperser.

17. A polymerization system comprising:

(a) a polymerization reactor;

(b) continuous catalyst activator comprising a substantially
horizontal fluidized bed vessel, and wherein the continu-
ous catalyst activator further comprises:

(i) a gas distributor plate extending substantially hori-
zontal within the fluidized bed vessel being arranged
to allow passage of a fluidizing gas throughout the
fluidized bed vessel;

(ii) an inlet for introducing a catalyst into the fluidized
bed vessel;

(iii)at least one zone dividing wall for dividing the flu-
idized bed vessel into a plurality of zones, at least one
of the zone dividing walls comprising a zone opening
that allows the catalyst to be introduced into a next
downstream zone, the plurality of zones being located
substantially horizontal in relation to one another;

(iv)each zone comprising at least one batlle, each baftle
defining a stage, each zone comprising a lower bound-
ary that comprises at least a portion of the gas dis-
tributor plate; and

(v) a chamber dividing wall that enables more than one
catalyst to be prepared simultaneously; and

(c) a controller programmed with an algorithm to control a
polymerization reactor process variable by adjusting a
continuous catalyst activator process variable.
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ary that comprises at least a portion of the gas dis-

tributor plate;

(c) a controller programmed with an algorithm to control a
polymerization reactor process variable by adjusting a
continuous catalyst activator process variable;

(d) a catalyst comprising chromium flowing through the
continuous catalyst activator, wherein the catalyst is
maintained at a hold temperature for an average hold
time;

(e) at least one agent contacted with the catalyst within the
fluidized bed vessel to convert at least a portion of the
chromium from Cr(I11) to Cr(V1I) to produce a valence-
converted catalyst; and

(H) a cooling system downstream from the fluidized bed
vessel.

19. A polymerization system comprising:

(a) a polymerization reactor:;

(b) continuous catalyst activator comprising a substan-
tially horizontal fluidized bed vessel, and

(c) a controller programmed with an algorithm to control a
polymerization reactor process variable by adjusting a
continuous catalyst activator process variable, wherein
the controller is configured to:

(i) monitor the polymerization reactor process variable;

(ii) compare the polymerization reactor process variable
with a reactor process variable set point; and

(iii) adjust the continuous catalyst activator process vari-
able based upon a comparison of the polymerization
reactor process variable and the reactor process vari-
able set point, wherein the algorithm comprises a
neural network, a partial least squares, a principle, a
component regression, a first principles models, or
combinations thereof to infer impending changes in a
stream discharged from the continuous catalyst acti-
vator.



